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SUMMARY

iT’te intesiigaiion reported herein was conducted by
Aeronautics at the request of the Bureau of Aeronautics,

the National Advisorv (?omrnitiee for
Nacy Department, fo; the purpose” of

determining the dtitribution and magnitude of water pre.wures likely to be experienced on seaplane
hulk in service. It consisted oj the ihelopment and con.struetion of apparatus for recording water
pre.wures lasting OTWone-hundredth second or longer and of $ight tests to determine the water pressures
on a Z?O-I seaplane j?oat under uariou~ conditions of taxying, taking of, and landing.

The apparatus deceloped wag jound to operate with sati~factory accuracy and is suitable for
$ight tests on other seaplanes.

The tests on the UO-I showed that maximum pressures of about 6.5 pounds per square inch
occur at i%es+epfor theftdl width oj tlte$oat hotioin. Proceeding forwardjrorn the step the maximum
pressures decrease in magnitude uniformly toward the bow, and the region of highest pressures
narrows toward the keel. Immediately abajt the step the mazimum pressures are very smaZZ, but
increase in magnitude toward the stern and there once reached a ralue oj about 5 pounds per square
incii .

INTRODUCTION

The design of seapkme floats and hulls for strength has in the past been largely determined
by experience because of the lack of data regarding the loads to which they are subjected. A
float that sufiers no damage under the conditions it is expected to withstand is sat.isf&ctoriIy
strong, but, on the other hand, it may have excess strength and therefore excess weight, which is
objectionable. In safely reducing float and hfl weights to a minimum it is necessary to know
the magnitude and distribution of water pressures to -which they are subjected.

‘I’o supply data for application in the design of lighker float gear, the Bureau of Aeronautics,
h~a-ry Department., requested this investigation of the water-pressure distribution on a seaplane
float. It is i~tended that it will later be extended to include both the twin-float and boat type
seaplanes.

The major portion of a two-year period over which this in-restigation extended was devoted
to the development and construction of apparatus. After numerous triak and laboratory tests
an instrument was developed to satisfactorily record water-pressure impulses of one one-
hundredt.h second or longer duration.

A L’O-l single float seaplane was used for the tests, it being particularly suitable for an initial
trki of the apparatus and method, as it is easily handled, is of proven ruggedness, and has a float
of modern design. The test work was made to include taxying, taking off, and larding runs
under -rarious conditions, with particular emphasis on bad conditions. On each run records
were obtained of the -water pressures at 15 stations on one side of the float bottom, of the longi-
tudinal float angle, and of the air speed. The average wind velocity w-as also determined for
use in finding the water speed of the seaplane.

This report includes a fuU description of the instrument developed to record water pres-
sures, a descriptio~ of the apparatus and methods used in the tests, a table of the water pressures
found at all stations on each run, a graphical and tabuIar representation of the maximum pressures
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. at each station regardless of the run; and the conclusions arrived at as a result of the investi-
gation. In the complete table of results each maneuver is described as to air speed, water speed,
longitudinal float angle, and condition of the water surface. The pressures recorded are maxim-
um pressures that occurred during each run and are not necessarily simultaneous values since
the runs had an average duration of two to three secmds.

APPAFMTUS .4ND METHOD

APPARATUS

A Vought LTO-l seaplane (fig. 1) was used for tl>ese tests. It was equipped with a V’right
J4-A engine and a wooden float. The specified stalIing speed of this seaplane is 55.5 If. P. H.

FIG. I.—UO-lseaplane

The gross weight with instruments installed was 2,764 pounds, which is but 19 pounds less than
the maximum specified gross weight for service conditions.

The lines of the UO–1 float are shown in Figure 2. It has an &ngle of V of 20° at the step
and aft. Forward of the step the angle of V gradually increases toward the bow. The step is
2% inches high, and the angle of the after keel is 5°. This combination is such that an inclina-

tio~ of 6~0 or more in landing causes the stern of the float to make f@t contact with the water.
The float deck line is rigged parallel to the thrust- axis of the seaplane, thereby making angles
of l~” and 2J4 0, respectively} with the upper and lower wing chords.

The instrument installation included the following:
1. Float-angle observer.
2. Two recording manometers—two pwwm ceIIseach.

3. Air-speed swiveling Pitot-static head.
4. Motor-type timer. .
5. WTater-pressure apparatus.

1. A small motion-picture camera driven by a constant-speed electric motor was used to-
photograph the shore line parallel to the path of the seaplane, thereby recording the longitudinal
a.ngle of the float. The camera was driven at a speed of five pictures per second.

2. The two recording manometers were of the type described in Reference 1 as the N. A.
C. A. recording air-speed meter with the exception of having two pressure ceils each instead
of one. One of the four pressure cells thus provided was used to record air speed. The other
three had heavy diaphragms and were used to record pneumatic pressures in connection with
the water-pressure apparatus described later.
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3. The swiveling Pitot-static head was located
connected to the air-speed recording pressure cell.

4. An LT. A. C!. A. motor-type timer was used
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on the right front outboard wing strut. and

to s-ynchronize records by means of timing
Iines at one-second intervals. In reference 2 the h’. A. C. A. chronometric timer and the method
of synchronizing records are described. The motor-type timer is used in exactly the same ruan-
ner as the chronometric timer, but it depends for its periodic electrical contacts orL a rotating
s-witch driven by a constant-
speed electric motor. The
~WO manometer records and
the float-angle record were
synchronized by this means.

5. The water-pressure ap-
paratus was used for the first
time in this investigation and
is therefore described in detail.

W.kTE12.PRESSIJREAPPARATUS

For the determination of

water pressures, 15 water-

pressui-e units of the type

shown in Fi=gures s and 4

were used. Each unit has

four brass pistons fitted in a

brass case with 0.001 inch

clearance. The water pres-

.

sures on the external ends of these pistons are balanced by a hand-controlled internal pneu-
matic pressure. The external areas of the four pistons are unequaI, thereby causing un-
equal forces to be imposed on the pistons at any gi~en intensity of water pressure. The
internal areas are equal, and the pneumatic load resisting the water pressure load is therefore
the same for each piston. The external piston areas range from 0.196 square inch for the
smallest to 0.276 square inch for the largest piston; thus the range of water presswe necessary

f TO air+0/-/’4

-Confacfscre,w

‘.r[--fp[uhi+;flq PAO/4 ‘ J PAM f?ef;iner‘r[izg
fabricd[uphragm

FIG.4,—crOss sectionrafwater.pre~ure mit

to operate the fow pistons at a given pneu-
matic pressure is proportionately the same.
In test work the pneumatic pressure is ad-
justed to such a value that. the expected
range of w-ater pressures as determined by
preliminary trials mill operate at Ieast the
largest piston but not the smallest. This
determines the magnitude of the water pres-
sure between Iimits. If none of the pistons
operate, only a pressure not exceeded is
known, and if aU operate onIy a pressure
exceeded is known.

Fi.we 4 k a cross-section drawing of a
water-pressure unit. The pistons are hol-

wed for lightness. Their inner ends are secured to an air-bight fabric diaphragm, and a
sindar diaphragm over the external ends excludes water from the instrurnenb. These dia-
phragms are suffic~ently flexible to perfit the ]ongit[ldinal piston displacement of about 0.002
inch that is required to bring each piston agatist, its respective contact scre~. The contact
screws of the three largest, pistons are connected to the fourth screw through parallel resistances.
Figure 5 shows a diagram of the resulting circuit. Successi~e operation of the pistons resylts
in step-by-step increase of the cwrent to the recorder until a maximum is reached when the
smallest piston operates.
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When installed in the float bottom, the pressure units present a smooth surface flush with the
float-bottom planking. Figure ~ shows the float. bottom with the pressure units in place.

Twenty-two units were installed, but the recorder could accommodate only 15 at a time. It
was intend ed that a series of rum would be made with 15 units connected and the runs repeated
with 7 of the units replaced by the remaining 7. The first 15 units connected included repre-
sentative points well distribute-d over the float bottomj and in order to-shorten the program the
remaining 7 units were not connected.

Referring again to Figure 5, the essential parts of the recording unit are shown to be a
plunger-type solenoid, a mirror, a light source, and a revolving film. The light beam rem~ins

RevolvingGlm pm

M.ro.--_&$,:_g

+

“...v)

Lighf
‘“b, source

So/enoio’

1
“LDry cell

(
.— S~ifch

I

Waferpressure unit

FI@. 5.—Diagram of the electrical
circuit of a water-pressure unit
and a recordingunit

in a zeso position until one or more pistons in the pressure unit
operate, when it-is deflected in steps. The measured deflection then
indicates the number of pistons operating. A multiple recording
instrument with 15 such ~nits was used. It was a modification of ~
an N. A. (7. A. recording manometer with a centrally located, electri-
cally driven, film drum (Reference 3). The original diaphragms of
the recording units were actuated by the solenoicl plungers. Labora-
tory tests with this mechanism showed that it would record satis-
factorily in less than one one-hundredthof a second. The fihn WiS

driven at an approximate speed of 2 inches per sec-end, thereby
obtsining records showing even the very short pressure impulses.

The pneumatic system used in applying internal pressure to the
water-pressure units consisted of a hand pump, three 125 cubic
inch capacity air W.&” a sight gauge and a pressure-recording
manometer for each tank, and aluminum tubing connections. Air
was supplied to the three air tanks by the hand pump at pressures
that could be controlled individually. Each tank supplied a par-
tiw-dar group of water-pressure units. Group 1 included all units
abaft the step; group 2, those units immediately for~vard of ~he
step; and group 3, the remainder. By this arrangement it was

possible to record a different range of water pressures simultaneously in each of the three
portions of the float bottom.

Calibrations ~f the water-pressure units, either in or out of the float, were made at frequent
intervals by applying pneumatic pressures externally on the units. With external pressure as

ordinate and internal pressure abscissa the calibration curve ior each piston of q pressure unit
was found to be a straight line; and the slopes of the four curves v-aried from a minimum for
the largest piston to a maximum for the snmllest piston. Due to the effect of the two diaphragms,

one at each end of the pistons,
the calibrations were depend-
ent to some extenti on the
piston displacement necessary
to make. contact. ‘1’o obtain

suitable calibrations, it was
therefore necessary to make
very careful adjustments of
the cent act screws.

--.,.T -, ,,

:

-. . .. . . :

-..

FIG. 6.—IJO-1 float bottom with pressureunits installed

Figure 7 is a photograph of the observer’s cockpit. In the immediate fore~round is the con-
trol board on which all switches and gauges were mounted. In the lower right=corner is the

water-pressure recorder with the film drum removed. The three shut-off cocks in the upper

right corner were used for individual control of the three tank pressures of the pneumatic system,
and the three gauges on the control board indicated the pressures on the tanks.. The 15 knife
switches were in circuits connecting the water-pressure and recording units and could be closed
at any convenient time before a run. The small toggle switch marked “Motors” controlled
the recording of all instruments except the water-pressure recorder, in which it only controlled
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movement of the film drum. The source Light in the water-pressure recorder was in the circuit
of mother toggie switch marked “Timing Lights.“ Closing and opening of that switch aIso
caused start and stop timing lines to appear on the other records.

With the above instruments and apparatus on each run, continuous records of about. five
or six seconds’ duration were obtained of the air speed, the floati angle, and the three tank
pressures; and shorter records about two to three seconds in duration were obtained simul-
taneously- of the water pressures a.t 15 stations on one side of the float bottom. Air-speed,
float-angle, md tank-pressure records -were synchronized by timing Lines at one-second inter-
\-aIs, and by the arrangement described above two additional timing Lines on these records

indicated the start and stop times of the water-pressure record. The shortness of the runs made
it necessary for the observer to time the operation of the switches -rery care fuII~, particularly
in landing runs.

METHOD OF TESTS

The program of test work -was made to include the following maneuvers:
Taking off in smooth and rough water.
Ta.xyi.ngin smooth and rough water.
Landing-power off.
Landing-power on.
Landing-pancake.
Landing-fast.
Landing-cross wind; wind on right.
Landing-cross wind; wind on Ieft.

This program w-as planned to include ever-y type of mater run likely to be encountered in
safe operation of a seaplane, and more pa.rticularl.y the maneuvers causing highest pressures on
the float. With the latter point in mind, the pilot often made maneuvers as roughly as possible
with discretion.

——

Fm. 7.—Interiocof the obse.mer’scwkpit
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Taxying maneuvers are further divided to distinguish between the two taxying stages ment-
ioned in References 4. and 5, and named “plowing” and “planing” in Reference 5. The same
classification is used here. “ l?lowiug” is taxying in the low-speed range before rising to the

step, in which condition the float angle is largely independent of the controls. ‘(Planing” is
taxying on the step and follows naturally after “plowing” in accelerated taxying. In this
condition the longitudinal angle is much more controllable in a widening range as take-off
speed is approached.

The test-work was done on the sheltered waters bounding Langley Field, with the exception
of four rough-water take-offs made in choppy tide-disturbed water in Chesapeake Bay fit the
mouth of Back River at a time when the wind was not .of sufficient velocity to roughen the more
sheltered water.

Each time that runs were made an observer determined the average wind velociiy in the
vicinity of the test with a vane-type anemometer. The average velocity computed from three
two-minute readings was used in determining the approximate water speed of the seaplane
from the air-speed record.

Two maneuvers—low-angle plowing and low-angle_ planing— were attempts to bring high-
water pressures to their maximum forward position. In the low-angle plowing maneuver the
seaplane was rocked and a record was taken to include a nose-down attitude, but this did not
give the small angles desired. Low-angle planing was more successful and float angles of 0°
were obtained. It was accomplished by a “trick” maneuver invented by the pilot for the pur-
pose and is described briefly in the following paragraph. Of special interest in this connection
is run 85, in which both the low-angle planing and the subsequent pancake landing were recorded.
The description follows:

Immediately following a fast landing, with the float at an angle of from 3° to 6°, and without
much loss in speed, the control column was given a sharp push forward. The seaplane immedi-
a~ely went to an approximate horizontal attitude for an instant (not- more than one-fifth of a-
second) and then bounced several feet- into the air. Skillful maneuvering was then required
to make the subsequent pancake landing safely.

The above maneuver is interesting as an example of what can happen when making water
runs at speeds above the stalling speed. With a float less deep at the bow it would be a dan-
gerous maneuver, and with a pilot not sufficiently skillful it might be disastrous in any case.

The seaplane was subjected to some very severe conditions, but suffered no more serious
damage than the knocking loose of the copper seam covering on one wing-tip float. The two
cross-wind landings made in a 16 M. P. H. wind were too severe for repetition. The rough-
water take-offs and some of the pancake landings were also very severe. A seaplane could not-
reasonably be expected to withstand without damage conditions more severe than some of
those imp-osed. -

PRECISION OF RESULTS

There are four sources of error that-affect the accuracy of the, results obtained with the
water pressure unit, They are (I) accelerated motion of the float bottom at the instant that
pressures are recorded; (2) displacement of the pistons finite distances in very short time
intervals; (3) changes in calibration; (4) the method of recording pressures indirectly by
“ bracketing” them between high and low limits.

1. EFFECT OF ACCELERATIONS

When calibrated, the external pressure required to operate each piston against any internal
pressure includes the weight per unit area of the piston. Under operating conditions when
the float is decelerated by contact with the water or given an upward acceleration by a wave

()the pressure required to move the piston is increased by the amount, w g – 1 , where w is the
9

weight, per unit area of the piston and a is the acceleration. If the weight per unit area of the
piston were the same as the float planking, the value recorded. .by the pressure unit would be
the resultant pressure imposing stresses upon the float structure. This is the pressure th~t it
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is desired to measure for use in the design of float structures. )miually the pistons are 13 to

17 times heaTier than the floa~ planking and a correction to the measured pressures is neces-

sary. With due consideration for flexibility of the structure it is belieTed thah Sg represents

an acceleration seldom, if ever, exceeded in these tests, whiIe Gg represents a probable average

condition. The corrections necessary for dg and 8g are tabulated below.

Piston P:e::g
Correction (lb.jsq. in.)

Piston No. wight
(lb./sq. in.) (lb./sq. in.] ~=4g

1 a=gg

l------------- 0.078 0.006 0.216 0.504
2------------- .084 .006 -234 .546
3_____________ .094 .006 .264 .616

~ 4____________ .105 .006 .2-97 ..693

41 Average _______________________ -25 .59 I
2. PISTON DISPLACE?JEXT

Because each piston must move a finite distance to make electric contact, some of the
external force on the piston is expended in producing this mo-v-ement. This additional force
represents an error that may be computed providing the time required to move the piston and
its weighh and travel are known. The period of the water-pressure impulses which m-e to be
measured is something greater than 1/100 second. Therefore pistons -will not be required to
operate in less time than that. The piston tra~el is 0.002 inch and the weight of the heaviest
piston is 0.105 pound per square inch. By making the pistons light and the tra-rel small the
error has been made negligible even for the assumed minimum time of 1/100 second. The
magnitude of the error is shown in the following computations:

We have

a = acceleration.

t=time.

rn = mass.
and

f =force.

LTsing the values of weight, displacement, and time gi~en above

f= .105 x2x .002x 10000
32.2 x IZ =.011 lb./sq. in.

3. C.ALGSRA’ITOX C!HAIYGES

-
.—.—

.— _.—
.

——

.

changes in calibration were found to occur probably because of changes in the piston-wall
friction and changes of flexibility of the diaphragms. Errors from this cause were minimized
by frequent calibrations.
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4. “BRACKETING” ME’THoD

The accuracy with which exact-values may be determined is limited by the method of

“bracketing” between limits of a pressure exceeded and one not exceeded. If the differences in

piston areas were made very small, the Iimits would be correspondingly close, but the range of

pressures that could be included wouId also be sma.11when the number of pistons is limited. .A

compromise must be made between the closeness of limits and the included pressure range so

that both will be satisfactory. When limiting pressures are found by this method} an assumed

true value which is the mean of the limits has the least probable error.

Due to differences in the calibration curves of the various pressure units, the range between

limits varies somewhat for cliff erent pressure units, as may be noted from the results given in

Table I. The following table, however, was taken from a typical calibration and showw the

pressure range at two values of the internal pressure and the maximum errors, assuming the true

pressure to be the mean of the limits.. The probabIe error is, of course, less than these maxima.

!
IDternal Pistonpressure

(lb./sq. in.) ‘Limber

I

I I*

Water
pressure

(lb.~sq. in.)

2:
6.5
7.6
2.6

::
4.3

-.
MaXiinum error

Mean
(lb./sq. in.)

. Lb.,lsq. in. I Per cent
.

5. 2 *O. 4 .-+747
6.05 .$5 7.4
7.05 . a5 7. s

----------- ..----- .. --— ------------
3.0 .2 6.7
3.25 25 7. 7
3.9 i :4 10. ~

-__.-, -__------_ -,--__L,

From the above discussion of errors it is concluded that the accuracy of the limiting pres-
sures is affected considerably by acceleration, and the limits probably should be correctwi to

read 0.25 pound per square inch higher than the recorded values. This is the avemge cor-

rection for an acceleration of 4g and should therefore be correct within a small phls or minus

error, It is further brought to attention that when definite values are desired they should be

taken as the mean of the limits. When this is done the ma~imum error may be computed,

and the probable error is something less than the maximum.

Errors in the pneumatic pressure records would affect’the accuracy with which records could

be interpreted. Such errors, however, were so small that they may be eutirely neglected.

Air-speed records have an estimated precision of + 1 per cent.

l?loat-angle check readings indicat~d a possible emor in reading of +~”.

l’or wind velocities up to 2031. P. H. the velocity of unsteady air is not likely to change

more than 5 kf. P. H. in a short time. Average wind Felocity as determined with the ane-

mometer would then be correct within +2.5 M. P. H.
Water speed is the dtierence between air speed and wind velocity for a head wind, and is

therefore subject to the same error as the wind velocity-i. e., + 2.5 M. P. H.

RESULTS

The magnitudes of the maximum pressures occurring at all pressure stations during each run
are recorded in Table 1, and the locations of the stations are shown in Figure 8. These values
are not necessarily simultaneous values, but are the maximum pressures that occurred during
each run, which was usually two to three seconds in duration. Table II is a summary of the
complete data of Table I giving the five highest pressures at all points. C?urvcs showing the
distribution of maximum pressures are given in Figure 9. Figure 10 represents graphically
the distribution of maximum pressures on the float bottom. The values for Figures 9 and 10
are the highest pressures of Table II. In plotting, pressures exceeded are assumed to be
exceeded by the average value of 0.5 pound per square inch,
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The other units forward of the step—viz, (10), (11), (12), and (15)—also recorded maximum
pressures of short duration (one-thirtieth to one-fiftieth second or less). At (12) there was
sometimes evidence of pressures maintained near the maximum values for much longer periods,
but (10) and (11) gave records quite similar to those obtained at (6).

Abaft the step the one pressure recorded at (16) and those at (20) were of very short dura-
tion (one-fiftieth to one one-hundredth second approximately). At (22) mrtximum pressures were
of an approximate duration of one-fortieth second and were likely to recur several times in
rapid succession.

The results suggest that a right triangular area bounded by the step, the keel, and a line
drawn from the outermost part of the step to the point on the keel nearest (15) as the hypot-
enuse would include an area of high and more or less sustained pressures decreasing in magni-
tude toward the bow. Along the hypotenuse and outside the triangle would lie stations (6),
(10), and (15), at which occurred pressures of shorter duration and decreasing magnitude
toward the bow.

The highest pressures were obtained in rough-water take-offs and pancake landings, al-
though the maxima for some points were obtained in other maneuvers. The rough-water
take-offs were very severe, due to their being made in choppy tide-disturbed water with little
wind. All other rough-water maneuvers were made in a much stronger wind on more sheltered
water.

The results indicate that high pressures are most likely to occur generally over the iloat
bottom in rough water, but that presstires just as great may resuIt from bad handling in per-
fectly smooth water. The truth of the latter part of the above statement is borne out in run
85 @). In that run the pressures were not ordy very high at the step, but the high pressure of
4.5 to 5.5 pounds per square inch was recorded at (22) in the stem. Such a pressure so f ar from
the center of gravity must impose very severe stresses h the float structure.

The only available comparative data are those contained in the British reports of Refer-
ence 6, which were obtained on flying-boat hulls. On the F. 3 and H. 16 hulls (R. and M. 683)
the highest pressures exceeded were, respectively, 8.2 and S.7 pounds per square inch, and pres-
sures greater than 6 pounds per square inch were exceeded several times. These pressures me
roughly 2 pounds per square inch greater than those recorded on the UO”-1 float. The F. 3
and H. 16 hulls have approximately the same bottom V angle as the UO–1 float. It is of
interest to note that these seaplanes are heavier per beam length in approximately the same
ratio as the difference in maximum pressures.

CONCLUSIONS

In the following conclusions regarding the method and results those concerning the results
should be construed as strictly applicable only to the UO–1 float-as used in these tests:

The method employed is feasible, although subject to mechanical difficulties that am
indicated by a Jack of pressure records at-various stations on different runs, but which may be
largely eliminated in future test work.

The highest water pressures on the UC)-1 float occur at the step for the full width of the
fioat bottom.

Extending forward from the step the region of high water pressures narrows toward the
keel and the magnitudes of. the pressure-s decrease gradually toward the bow.

Local water pressures of considerable magnitude are likely to occur at the stern of the float.
There are large portions of the float bottom, both aft and forwmd of the step, on which

the water pressures are never likely to be greater than 2 to 3 pounds per square inch.

LANGLEY MEMORIAL AERONAUTICAL LAP,ORATORY-

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.
L.4NGLEY FIELD, V-4., .December z?, 1997.



WATER-PRESSURE DISTRIBUTION Oh’ SEAPLANE FLOAT 245

REFERENCES AND BIBLIOGRAPHY

RErEREXCE 1. Norton, F. H.: N. A. C. A. Recording Air-Speed Meter; N. A. C. A. Technical
Note No. 64. (1921.)

RErEREXCE 2. Brown, W. G.: The SGwcbronization of A’. A. C. A. Flight Records. N. A. C. A.
Teehnical Note No. 117. (1922.)

RWEREXCE 3. Norton, F. H., and Brown, W. G.: The Pressure Dktribution O~er the Hori-
zontal Tail Surfaces of an &rplane, III. h’. A. C. .%.TechnieaI Report No. 148. (1922.)

REFERENCE 4. Cro-wle~, jr., J. W., and Ronan, K. M.: Characteristics of a Single Float Sea-
pliine During Take-Off. X. A. C. A. Technical Report No. 209. (1925.)

REFERENCE 5. Cro-wley, jr., J. W., and Ronan, K. 31.: Characterktics of a Tw5n-F1oat Sea-
plane During Take-Off. X. A. C. A. Technical Report No. 242. [1926.]

REFERENCE 6. Baker, G. S., and Keary, E. M.:
Experiments ~ith Full-Sized Machines. (Second Series.) Local Water Pressures on

Flying-Boa& Hulls. British Aeronautical Research Committee Reports and Memoranda
No. 6S3. (September, 1920.)

P. 5 Flying Boat X. 86, Impact. Tests (Experiments with Full-Sized Machines, Third
Series). British Aeronautical Research Committee Reports and Ifemoranda N’o. 926.
(April, 1924.)

Bottomley, G. H.: The Impact of 8 Model Seaplane Float on mater. British Adtiory Com-
mittee for”.aeronautics Reports and Memoranda ATO.5s3. (March, 1919.)

Herrruann, EL: Seaplane Floats and Hulls. Part I. NT. A. C. A. Technical Memorandum
No. 426. (1927.) Part II. X. A. C. A. Technical Memorandum No. 427. (1927.)

Richardson, H. C-: Airplane and Seaplane Engineering. Bureau of Aeronautics, N’avy Depart-
ment Technical h~ote LTO.59. (1923.)





I
I

TABLML-WATJIUt.P2KGSSTJJUJ DMWRIBUTION ON A EUMPLANM FLOAT

Wmdwrpr.mwurooin pouru.h pm’oqumo inoh

F&n MmQuvm’

I
i3tmti0nnmrdmrAir

Condition of waiiw firl i]
,1 2

Rwmu-krn
12 I 14

a b ‘a b
— — . —

. . . . 2<0 . . . . . 2.4
---- 1.0 ----- 1.1
“--- 2, 0 ----” 2.4
. . . . L G, ----- 1.7
---- !2,a . ---- 2.8
.-.. L 1 . . . . . 1.3
. . . . 1. (i ----- 1.8

..-. 1.0 . . . . . 1.0

. . . . L1 ----- 142
“-. . L 7 ----- 2.0
1.7 ..-.” ----- 1.3
---- 4,8 . . . . . 4.8
2, 0 2, 6 . . . . . 2. is
---- 40 ----- 4.9
. . . . 2.1 ----- 2.0
1.1 1.3 ----- 1.2
. . . . :! ----- ::
----
2, 8 3:3 :::;: 3:4

“.ti - L 2 ----- 1.4
3.8 46 ----- 4.7
2.0 ----- . . ..- 2.4
1.0 . . . . . ----- ,7
z. o -.--- ----- 1,2
.-. . L .4 --.k- 1.5
. . . . .8 ~.“--- .8
---- .
---- ;. : ::::: 2:
22 2.7 ----- 2.7
1.6 . . ..- . ..-. 1.2,
---- 2.2 . ...” Z 6
1.0 .---., ----- 1.”1
z.5 .“-”-, ----- 1,5
2. a ----- ----- 1. a

Z. 8 ----- ----- L 4
8.0 ----- ----- L 6
---- .9 ----- L o
---- 1.8 ----- 2.1
“---- 1.2 ----- 1.4
.- ..1 .9 ----- 1.1
---- 4.9 ----- 4. (J
-.. . 2.0 ----- 2, 4
---- 4, 7 . . . . . 4.7

2.0 --.-- ----- 8
. ..- 2.6 . ..”. 3:1

L o 1,3 ----- L 1
1.3 L 8 “---- .9

20 ----- . . . . . .9
---- 2.2 -.”. - 2,7

. ..- 1.0 ----- 1.2
1.0 L 3 ----- L o

L 3 1,6 ----- 1.4

a

n b

. —

.- ._. -----
----- ---”.
36 4, 1
2.1 2.6

----- 2.8
----- L 4
----- _- .-h

----- . . . . .
.- ..” -----
.--. ” . . . . .
2, 1 z. 5
4.0 4.7
3.0 :;
. . . .
& 1 ,-:..
,. -.. . . . . .
3,8 46
.---------
3.6 -----

2,5 .....
il,3 ---”.
Z,8 3.2
-------.-
---------
.....H---
-.-.-----
..-#-....
4.1 4.9
2.8 3.4
2.5 2.8
2.7 &3
2.6 -----
.-----...-

---------

..L_..----
_.___----
-----.-..
--.------

L 8
.....

2,2
-...

54fi & 5
8.9 4.,6
6.1. .-.”

.....-----
4.1 4.7

1.8 2.2
.---.-_4-

.....----
2,8 3.4

i.8 2,2
.-.._-----

----------

0 6

a b a
— . .

4.7 ..-4- . . . . .
2.6 ----- . . ..-
4.4 4.7 -----
2. i 2.0 2, 4
-.. . :; .i.i-
..-.
---” 2: li itl

2, 3 -“--., 2, 2
2.7 --.. -, 2.7
3, 2 3,‘7 -----
2.6 2.8 2. (1
““. . 4.4 4.2
2.4 3,8: 3. c1
---- 4.4 -:.--
15.0 . . . ...-.’-----
..-. 2, 8 ! 4, 3
4.1 444 . . . . .
Z.6 ._. -d, -----
4.0 6.3’ . . . . .

2. is 288 2, 6
4.3 -.-. -’ G.o
3.2 346 3,6,
2.4 .-.. ” “..-.-!
Z. 6 . . . . . . . ..-
..-. 1.9 -----
2.1 . . . . . -----
3.1 . . ..- -----
45 0, 0 ..-””
3.1 4,3 3.1
3.2. ---- 2, 3
3.1 42 -----
2.8- ~-f. ~-o
.-”. , . .-

---- 2.8 8, 0

“--- 2, 6 .%9
---- 2.6 3. /5
2.4 - ---- - ----
i#5. -... - ----
342_ ---- . ----
. . . .
.-. . :: : ::::
2.9 4.0 3.7
4.3 5.7’ - --”-

2.7 - ..-.’ - “---
. ..- 3.8 - ----

. ..- 1.7 2.7
8.6- . . . . - ----

3.5. . . . . . . ..-
---- 3.2 - ----

---- 1.8 1.6
2,8 - ---- - ----

3.7 - ---- . ----

22

m

a b
——

.- _.”--- .

.. . . . . . . .
1.5 2,6
----
. ..- k:
.-. . 1.3
.. . . -----

. . . . . . . .

. . . ----- .
-------- .
. . ..-
---- ::
L8 3.4
. ..” 4,5
2.6 -----
-------- .
---- 2, 6
----
. . . . k:

2.0 . . . . .
..-.;. ~ 4.4

. . ..-.
. ..- -----
..-. . . . . .
..-. 1.6
. . . . -----
.--” . . . . .
----
3. b 3?+
L 7
2.7

-----
2,9

1,3 -----
1,7 -----

---- .“-. .

---- -----
---- -----
---- ----,
---- -----
---- -----
.. . . 1,i
---- 4.6
2.5 2.7
4.5 5!6

1.4 -----
---- 8.2

1..9“----
---- -----

---- -----
2,8 . ..-.

1.3 -----
---- -----

.-. . -----

—

b

—

.-.
---
3.2
2, g
3.2
L o
..-

---
---
---
2.4
-..
. ..-
-..
4.4
:;
2.2
0.2

---
7.0
. . .
.“..
2.7
2.3
. . .
---
6.3
3.8
2.8
4.1
2.6
---

“--

---
---
. . .
---
.-.
2, 5
---
1.3
---

2:

2.4
3.0

----
3.8

2.4
3.5

3, 7

—
a

—

----
. . . .
----

ii
::

1.3
1.1
----
2.0
..-..”
a,3
-.. .
. . . .
1.0
----

i;

2.3
4.8
8. Ii

i?
-.. .
L 1
1. i3
----
2.8
2.0
2, 1
L 8
----

1.2

1.5
1.3
L 5
1.9
1.4
L8i
----
3.3’
----

L o
“---

L s
1.5

k;

1. Q
i. 5

1.A

—
b 0. b a b

— — — —

2.0 . . ---- 2.2 :----- 2.1
L 0. ----- 1.1 ----- 1.0
2.0 .-.” - 2.3 ----- 2.1

.. . . . I. a 2, 2 ----- 1.6
3.0 . . . . . 2, 6 ----- 2.6
2.2 L 3 ----- . . . . . L 2
2.1 --”-- 1.7 ----- 1.5

,. ..- ----- L o ----- .8
----- . . . . . 1.2 ..; . . . 1.1

“---- 1.9 ----- 1.7.
k; ----- -..”” .“--- 1. z
6.7 ----- 4. u --”. - 4.1
3.7 3.0 ----- z. 1 -----
6.8 . . . . . 46 “... - 4.2
2.1 ----- ----- ~----- 2. !2
1.2 1.0 ----- ----- 1.2
2.1 . . . . . 2.4 ----- 2. z
.. . . . . . . . . 1.1 _-... .._-.
3.5 ----- a, 2 ~----- 3.0

,---- ----- 1.3 ----- L 3
J5.9 . . . . . 4.4 . . . . . 4.0
.---” ----- . . . . . ----- 2.1
----- ----- ---. ” .“---
,----- 1,4 “---- ----- i::
L 4 ----- L 6 ----- 1. j

.. . . . ----- 1.0’ -----
----- . . ..-. 1.5’ ----- 1:2
6.9 .---: ----- --+k” 4.2
3.5 ----- 2, 8 . ---- 2.3
2.2 ----- ----- ----- 1.2
2, 7 . ..-. 2.5 ----- 2, 2
2, 0 ----- 1. I -“--- 1. I
L 1 ----- 1,4, ----- 1,4

. ..- 1,9 -----’ ----- 1,2

2.0 2.1 ----- ----- 1.3
1.6 2.2 ----- 2,3 -----
---- . . . . . .. --” .- ..”

1::
‘-”” ----- ‘i~i- ::::: 1,3---- -----
2.0 ----- 1.0 ----- 1.0
6.8 ----- 4.6’ ----- 4.2
3. (J ~.-”. - 2.3; ----- 2.1
6.5 ;----- 444,----- 4.1)

1,4 1,lj ----- -----
2.6; ----- 3.0 ----- 2:!

2.0! 2.3 . ---- .-...- 1.1
.-.--, i. u ----- 1.0 --..-

------ 1.3 . ---- 1, 3 -----
2.8 - ----- ---- ----- 2.3

21 - ---- 1.1 ----- 1, i
----- 2.3 - ---- ----- .9

----- 2.7 - ---- ----- 1.2

—
u

.

“--,

. . .

-“.
2.9
..-,
-..
----

----
“---

----

i i ;

3, 3
-.. .
3.2
3, 3
3.1

;:

2.0
5.9
2.0
1, 5
. . . .
----
----
L 9
6.3
4.3
2.3
4.3
2.4
----

2. li

----
----
----
----
.-. .
2.1
----
$,3
5.0

2.0
3.5
2. G
2.8

.341
3.7

1:;

2.3

—

a

—

----
,.. -
,.. .
2.7
---
. . .
. . .

---
-“.
----
2.1
. . .
3.4
. ..-.
4.1
3, 2
3.8
2..1
& 5

2,7

2:
----
2.4
----
2.3
3.1
6.5

!:
3.7
2.3
---,

----

----
----
“-. .
----
----
2, 1
----
3.8
----

2.1
4.0

2, 2
3.0

:;

2, 3
2.7

3.3

—

b
—

2, 7

:;

3:0
----
----

,-. .
,---
2.4
..-
6.2
.-.
4.1
3.2
---
:;

ia

-.$-
0,8
-..
..-.
L 3
-“.
1, 1

k:

ii
2.9

:;

3.3

.“.
3.9

i;
L 7
1.6
41
4.9
4.0

-----
%5

-----
. . . . .

. . . . .
3.0

L 8
L 6

2.2

a b &

— .

. ---- 2, 6 -----

.-.. 1.4 -----
----- -- ”-. -----
----- ----- -----
. . ..- ----- -----
----- .. ”-- -----
. ..-. 2.0 I-----

. . . . . ;; --.--

. . ..- . ..-----

.- .”- 2.2 -----

. . . . . . . . . . -----
----- ..----- -----
.---- .---- -----
----- . . ---- “----
----- “.”-. -----
. . . . . 1,2 ,-----
. . . . . ----- -. .-.,
. . . . . -.. .-.. -----
----- . . . . . -----

. . . . . -.-.- -----

. . . . . . . . . . .- ..”
----- ----- -----
----- .
. . . . . 1.: :::::
----- 1.8 -----
----- 1.2 -----
----- L 7 .----
. . . ..- ----- -----
. . . . . . . . . . -----
.“-. . . . . . . . ..”-
. . . . . --,.”- . . . . .
. . . . . ----- ----d
.. . . . 1.6 “----

1.3 ----- .---”

2.4 ----- -----
2.6 “---- . . . . .

----- .1.3 ---”.
----- 2.3 -----
----- 1. a -----
.“. -. ----- -----
----- -.”-- --..-
----- ------ -----
.---- ----- -----

L 8 ----- -----
----- . . . . . .-- . .

----- ---.- . ----
1.0 ..”. - -----

L 7 1,8 1.8
----- “.. .- -----

----- ---. ” .--.-
----- 1.3 -----

. ..-. 1.6 -_.--

b a b a b

2.3 ~. . . . . ----- ----- 2.8
7 ----- 1, 2 ----- 1.6

2:3 ----- 2.7 ----- 2.9
1.6 . . . . . 1. i-l ----- 2.2
:: “.” -- % 1 ----- a. 3

1:7 ::::: 1: ::;:: i;

1.2 ----- . . . .
~:~ ;:::: ----- --”-- 1.0

----- . . . . . -“. . . ----
io ----- L 3 ----- ----
5.0 . . . . . 6.7 . . . . . 6.6
2.6 2.9 ----- al
8, 1 ~::::: & 8 ----- 6.8
2.5 ----- 2, 8 ----- 3, 0
L & ----- 1,6 . . . . . 2.2
2.4 ----- 2.7 . . . . . 3.0
.8 ----- 1.2 ----- . . . .

3.4 ----- ‘3,6 . ---- 3.8

1,1 .-”. ” 1.5 ----- 1.8
4.8 ----- & 2 ----- 6, 1
2.2 ----- 2.6 2,8 ----
2.0 ----- ----- . . . . . 2.3

b ----- 1,0 ----- L 2
il . . . . . 1.6 ----- 1.8

6 ----- 1, 1 ----- 1,3
1:3 ‘----- L 6 ---”- 1.9
& 1 .“--- 6.5 . . . . . 6.8
z.6 ----- 2.9 ----- 3.1

Q “-. -” L 2 ----- 1. (j
26 ----- 2.9 . ..-. 3.1

L 1 . . . . . L 4
1: i ::::: L 7 . .._. 2.3

1.4 ----- L is 3,4 ----

1. is . . . . . 1.6 ----- 2,2
1: ; ----- f; -2,3 2.6

“----
2.1 ----- 2; 3 -:::: k+
L o ----- 1.2 --..- ----

7 ----- 1.1 ----- 1,4
6:1 “---- 6.,8 ----- & 7
2.3 ----- 2, 6 ----- 2.8
‘L7 ----- 5.6 ----- 6.3

. . ---- . . . . . ----- ,
ii ----- a, 6 . . ..- ;:

1, 2 L 5 L 8
1:: ::::: ----- ----- 2,2

----- ..-... - . . . . . 3.3 . . . .
2.6 ----- 3.0 . . ..- 3, 2

9 ----- 1.2 L o
:8 ----- 1,2 ::::: ----

i. 1 ----- 1.6 ----- .-..

I b
—

~>lO}VillK- .-.. -.- . . . .

..--cl Q- _- . . . . . . . .
.---do ------------
.----do . . . . . . . . . . . .
. .. Halo-.. __. ------
----do ------------
. ..-do. -----------

as
36
31
44
27
26
80

27

::
41
i58.6
54. b
41

%. b
3“
49
43.6

g. 6

62

:!

!:
58
59
66
59

% 5

62

49
50
67
63. Ii
61
M. 5
06.6
6& b
66

51
W

53, /3
50

54
03,5

59,G
03.6

04,6

..-.
-..
3.0
----
;:

----

----
. . . .

.----do..
M to 18 &il”&;&-

with Whiteompm
-... do------------
..--clo . . ...-...”..
---ado-.- . . . . . . . . .
Lo$v-llngle plowing-...
~~.-w}g~ pbmiug.-.

---------- .
“Faking-off----------
_::. _.._ . . . .

----------- .
. ..-do---” --------
-... COO--... --J....
----do . . . ..--. . . . . .

.-_.. clo-----. --...”
,.”.-!40------------
,-...CIO-----.------
F*irly mnciotll------
CJlrlmy..-. . . .. . . . . . . . .
12 to 16 inch wtivw..

.-. .
----
6.6
-.. ”
4.1
----
----
B,6
L 6
..-.

2, 4
----
----
----
. . ..-
. . . .
. ..-
----
5, (J
.._.
.-. .
----
. ..-
2.7

3.6

?.6
2.7

Smooth--- . . ..-...u
Ihirly ~mooth-. ----
12 to M inoh WOVO?J””
.--.doL. _._. ------
. . ..do ------------
chop y; 18 *O 24

rirlo1 Wavoi%
Choppy wuter at mouth of

Ihrk River, cllshrbwl by
ticl~o Very .WIVWO.ohook#.

Do:
Do.

-.-Jlo--.---.-----
..-.. do. -.. -.-, . . . ----
. ..-CIO. ---”. . . . . . .
Lomfing-power oI’F--
-.-.dp...------_---
.-. -(IO -- . . ..-. U..U
-...do ------------
---.do------------
. ..-do -------------
_-.. dou-----------
---.do--.---------
Lm)dhg-powcw on.-
.-.J.lo------------
.--.da-... -..----.,

-.--do ------------
-.--do ------------
....do---.------.-
:~-m$.-------...

------ ------
. . ..do ------------
.-..do . . ----------
--. -do------------
...-do----.--.--.-
J?oirly mnooth------
-.. ”clo_ . . ..”.. ---.”
--..do -------------
..-. (10-., ----------
12 to 16 mob WO’VOPL.

.--.dc). .-- . . . . . . . . 16 to 18 inoh WOVM
with Wb.iimoaps,

----do ------------
..-. -do------------
smooL1l.-,”. . . . . .._-._
.u..do ------------
----do ------------
..-.do ------------
..-.do ------------
12 to 1.5inoh wilvag..
GWMOy-......-”_-...

--..do-. --- . . . . . . .
.-.. do-. H---... #_,
lhwding-fmt------
---.CIO----..---.-.
-...dc)------------
.-... do.. --. ---.. -,----
. . . . ..do-. --... --.....’
..--do-,.-.-.-.--.-
LoI1dil]g—p&l]auko---

.-. ”
----
-----
?.El
----
. . ..-.
.-”.

2.7
4.0

. . . .
3.4

. . . .
4, 6

----
----

. ..-

%vwe PM16w1c0.Thi~ i~ w~b-
wquout panonke followin o

tnom down imnwcliuiwly af m
Ionding foh

I

Smooth ------------
--. -do------------

-.-.. do . . ..-- . . . . ..-
...-do--.---.--.-. ~hno bouncorl Off and fliffbfi

oontiuuoci without Inmdlng.
._--do ------------
..”. COO------------

. ..-do ---------------
M IW18 inoh wnvm

wltb whitoonps.
...-do----.-..----
Slnooth- . . . . . . . . . . .

Very W3VLW3kmdin~ abock~,

. . ..do ------------
Lunding-urorng

wiod; wind on
right.

Do.
Lmnding not smmre.

_-.--clo..----.-.---
Landing —orogg

wind; wind on Mt.

-._-do..
M to 18 (n;il-;~;”ti”
with whitoorqm

.-..do- . . . . . . . . . . .

Sove%iimclhrg.

. ..-doL ----------- Too mvero a hmding for rqx3-
tition..,. . .

CJ=IJWSILUWexoeodod; b=-mxmwuronot oxooeded.



TAEI,R J.I.-3U M11,1RY OF .JUVE 1-[IG1-IJIST WArI!ER PRESS [JRES AT ALL STATIONS
—.. ——— .-. .-.—-.-.-—— ..— - .,.. .--. -.- —.— ——. .. . . .-. —--- I

Stfiticm number
— .——. —

[
11

——.——.

I?rmsure
(lb,/sq. in,)

—--—. ,.. -.. ,—.?-

.3

Premum
(lb./sq. in,)

—— —...-

n b
.——.

6.3 . . . ..-
6, 1. ______
5,5 6.5
4.1 4.7
4.1 4’.9

6
—..——.

Pressure
(lb,/sq. in,)

a b
— ... . ..

5 I 8 I 101 2

—.

R,un
No.

.

RJIr
No.

~:

——

79
S5JJ
87
67
82

Pressure Prewmrc
~u,l (H2./mI. in,) ~L,n (Ib./sq. in,)

‘No. No, .,-——

a b a 13
. .—-—..—”— — -—. ——.—

79 4’, 8 b, 9 64 3! o -.-...
80 3, 5 ------ 45 2.7 ------
64 3! 3 3, 7 44 2, 3 ------
65 3, 3 3, 6 68 2.3 . -----
77 2.8 3, 5 27 2, 2 . . . . . .

P1’emll’o
~,,n (U3./mI. in,)

No.

a b

——. —.. —

Pressure
~Ll,l (lb./sq. in,)

No. —--—

a b

I+wssurc
(lb./SCI<in,) Run

—---— No.

a b
—.— — ——..—1--”–--”1-— .-.-.— ..—.——

2,3 -------
2.1 ‘--------
1.:3 -------
1..0 ------------- . . . . . . .

..— .——

79
77

5, !) -----,
5, 4 ------
6, 3 5, 6
5! 2 ,5, 5
5, 0 ------

5, 0 6, 8
4, 3 -----
4.2 5.2

-----
:: -----

27
04
20
17

..-,
-—.

79 :; 7, 0
6, 2

:; ,& ~ 6.3
67 4.5 4.9
61 4:.1, 4.4

61
52
82
59
79
-

5. 0 ------ 79
4. ,5 ------ 2s
4, 5 6, 0 85s,
4, 4: 4:.7 26
4, 3 ------ 4.6

82
85a
85b

Station number
——. —... —

20 22

Pressure
(lb,/sq. in.)

14 J,5

%:

27
26
14
20
25

.—

Run
No.

851>
71
80
69
64

——

...--”- .- ... ---------- .- ..—

Run
No.

——.

-----
-----
-----
-----
-“-.

——

p:

25
20
80
27
68

l>remure
~L,n (lJ3,/sq. in.)

No. “l-

l%ssure
(H3./sq, in.)

Pressure
(lb./sq. in,)

Pressure
(lb./fiq. in,)

Pressure
,(lb,/sq. in.)

a b
. ..-.-—. -. —---

Prcxmure
(lb,/s.q, in.)

~on

20
-----
. . . . .
-----
-----

$On

—.,

79
27
77
26
25

—,..----

——..

a
——- ---

4,, 5
3, 5
3, J.

.2,8
2, 8

. ..— ——

a I b a I b a I b, n I b b
. ,-,.... ..—

/5. (5
.------ .
. ------ .
.------ -

3, 4

—..

a 1)
— ..— —— ..

----- ------ -. . ..-
1- ,—–—,-.– —-.”---—-.

& 41 -----
3.3 -.....,
2, 8 ..-.. -,
2.3 -----
1..5 1., 8

2, 5 . -----
-. .-. .
------
-- .--,
------

1.8 l.-3,8 41,5
3,0 -... -.,
2, 8 ‘
2.8 ..?.. !..
2, 6 -------

------ ----- -
. ----- -------
-------- ------
------ . . . . . .
------ ------

2, 4
1.8
1.7
1, 3

. . . . . ------ ------
----- -.--T- ------

----- ------ . . . . . .

..--- .. ____ -. -.. .

. . . ----- --------
------ -----~
------ ------
------ .- ..-.

—-— .,. —1 .,... .- --—.—J. ... ..,: .—— —.
a= pressure 13xceecIocl;b R promure not excecclccl,

Noom.—Tlle 10,cIcof s, recrnent between run rwunbmw and highest preesurea wt aclje,ccmt points (particularly. J,, 21 amcl3) ie likely clue to Inck of records at dome
pcintw on vcwicus run~. (gee Table 1.) Units 14 and 17 never operated, 16 operated but once, and 11 four tunes.


